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SUMMARY 


155rnm  (M107)  projectile  tests  were  requested  by  DA RCOM  Safety 
specifically  for  the  Louisiana  Army  Ammunition  Plant  (LAAP).  The 
plant  was  loading  TNT-filled  projectiles  with  and  without  funnels 
under  a safety  waiver  which  permitted  a separation  distance  of 
30.5  metres  (100  feet)  between  carriers.  The  operation  at  LAAP 
was  later  extended  to  loading  of  Composition-B  which  was  used  in 
these  tests.  The  present  plant  arrangement,  and  for  which  these 
tests  were  simulated,  entails  a carrier  containing  24  vertical 
projectiles  in  a 4 x 6 arrangement.  The  carriers  are  floor  mount- 
ed and  powered  by  an  overhead  conveyor  track  (drag  line).  A 
propagation  test  program  was  developed  by  Picatinny  Arsenal  and 
was  performed  during  November  and  December  of  1975  at  the  U.  S. 

Army  Yuma  Proving  Ground  in  Yuma,  Arizona.  These  experiments 
were  conducted  to  determine  the  minimum  safe  (non-propagative) 
spacing  which  can  be  maintained  between  two  adjoining  transport 
carriages  containing  24  projectiles  with  or  without  loading 
funnels.  Conditions  in  the  melt/pour  area,  as  well  as  the  assem- 
bly and  pack-out  areas  of  the  plant,  were  simulated. 

The  tests  were  conducted  in  two  phases:  An  exploratory 

phase  whereby  a possible  minimum  safe  distance  was  determined  and 
the  confirmatory  phase  where  a number  of  tests  were  performed  to 
verify  the  minimum  safe  distance  established  in  the  first  phase. 

In  all,  three  series  of  tests  were  performed.  The  first 
series  showed  that  projectiles  without  funnels  could  be  safely 
spaced  at  33.5-metre  (110-foot)  intervals.  The  next  series,  in- 
volving funnels,  established  a safe  separation  distance  at  42.7 
metres  (140  feet).  It  was  thought  that  the  addition  of  a 19.1mm 
(3/4  in.)  thick  structural  steel  blast  shield  for  the  projectiles 
with  funnels  would  reduce  the  required  42.7-metre  separation. 
However,  this  was  not  the  case  and  the  final  series  could  not  es- 
tablish a safe  separation  distance  although  numerous  tests  were 
conducted  for  separations  as  large  as  33.5  metres. 
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INTRODUCTION 


Background 

An  Army-wide  expansion  program  is  under  way  to  upgrade  exist- 
ing and  develop  new  explosive  manufacturing  loading/assembly/ 
packaging  facilities.  This  effort  will  enable  the  Army  to  achieve 
increased  production  cost  effectiveness  with  improved  safety  as 
well  as  to  provide  manufacturing  facilities  for  new  weaponry.  As 
a part  of  this  overall  program,  the  Manufacturing  Technology  Di- 
rectorate of  Picatinny  Arsenal,  Dover,  New  Jersey,  under  the  di- 
rection of  the  U.  S.  Army  Armament.  Command  (ARMCOM)  is  engaged  in 
the  development  of  safety  criteria  as  an  activity  entitled 
"Safety  Engineering  in  Support  of  Ammunition  Plants".  These  cri- 
teria will  be  used  as  part  of  the  basis  for  the  design  of  future 
explosive  production  installations  scheduled  for  expansion. 

At  the  present  time,  the  155mm  (M107)  load/assembly/pack 
facility  at  the  Louisiana  Army  Ammunition  Plant  (LAAP)  is  operat- 
ing on  a safety  waiver  which  has  expired  and  will  not  be  renewed. 

In  order  to  remedy  this  situation,  DARCOM  Safety  has  requested  that 
a series  of  tests  be  performed  whereby  the  safe  separation  dis- 
tance between  pallets  of  155mm  projectiles  can  be  determined. 

Presently  the  plant  is  capable  of  loading  155mm  projectiles 
with  TNT  as  the  explosive  filler.  A separation  distance  of  30.5 
metres  (100  feet)  is  used  between  adjoining  carriers.  Each 
carrier  transports  24  vertical  projectiles  arranged  in  a four-by- 
six  orientation. 

In  addition  to  TNT,  future  operations  at  the  plant  will  re- 
quire the  loading  of  projectiles  with  Composition-B.  Because 
Composition-B  is  the  more  sensitive  of  the  two  explosives  it  has 
been  selected  for  use  in  these  tests;  the  results  will  be  appli- 
cable to  both  explosive  fillers. 

Purpose  and  Objective 

The  purpose  of  the  program  was  to  eliminate  the  need  of  safe- 
ty waivers  in  all  future  loadings  at  LAAP  of  155mm  (Ml 07)  pro- 
jectiles with  either  TNT  or  Composition-B. 

The  objective  of  the  program  was  to  determine  experimentally 
the  minimum  safe  (non-propagative)  spacing  between  transport 
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carriers,  each  containing  twenty-four  155mm  (M107),  Composition-B, 
loaded  projectiles.  A determination  of  these  safe  separations 
was  required  for  carriers  of  projectiles  with  funnels,  without 
funnels  and  for  carriers  of  projectiles  with  funnels  which  were 
afforded  additional  protection  by  structural  steel  plate  shields. 


TEST  CONFIGURATIONS 


General 


These  tests  were  performed  during  November  and  December  of 
1975  at  the  Yuma  Proving  Ground  in  Arizona.  Two  phases  of  test- 
ing, exploratory  and  confi rmatory , were  conducted  in  order  to 
establish  safe  separation  distances  between  transport  carriers, 
each  containing  twenty-four  155mm  (M107),  Composi tion-B  loaded 
projectiles.  The  program  may  be  viewed  as  comprising  three 
test  series,  namely:  (1)  projectiles  without  funnels;  (2)  pro- 
jectiles with  funnels;  and  (3)  projectiles  with  funnels  and 
shields. 

It  snould  be  noted  that  the  various  phases  and  test  series 
were  not  conducted  in  either  chronological  or  series  order.  Be- 
cause of  the  long  time  period  and  large  number  of  tests  involved, 
the  grouping  of  tests  into  related  series  was  necessary  for  pur- 
poses of  review  and  analysis.  In  fact,  the  several  configurations 
and  test  series  were  intermingled.  Note  that  the  test  numbers 
designated  in  this  report  do  not  correspond  to  the  captions  with- 
in the  photographs  (Figs  1,  2 and  4 to  9). 

Test  Specimens 

Each  test  specimen  consisted  of  twenty-four  155mm  projectiles 
arranged  in  a four-by-six  orientation  with  individual  projectiles 
having  a center- to-center  spacing  of  0.18m  (7  in.).  Originally, 
each  set  of  projectiles  (test  specimens)  was  supported  on  a wooden 
shipping  pallet  which  in  turn  was  supported  on  empty  wooden  am- 
munition boxes.  After  fires  were  produced  in  the  first  few  tests 
by  the  embedment  of  hot  metal  fragments  into  the  wood  supports, 
the  individual  sets  of  projectiles  were  supported  on  cinder  blocks. 

The  testing  arrangements  of  the  first  and  second  series 
differed  only  insofar  as  the  funnels  were  used  in  Series  No.  2 
(Fig  2).  On  the  other  hand,  in  addition  to  the  use  of  funnels, 
each  test  of  the  third  series  utilized  plate  shields  to  protect 
the  acceptor  specimens  from  the  fragment  impact  associated  with 
the  breakup  of  the  donor  projectile  casing.  Each  shield  was 
1.2m  high  by  1.2ir  wide  by  19.1mm  thick  (4  ft  x 4 ft  x 3/4  in.)  and 
was  constructed  of  SAE  1020  structural  steel.  One  shield  was  posi- 
tioned on  the  support  of  one  acceptor  specimen  and  placed  on  the 
side  that  faced  the  donor.  Another  shield  was  mounted  on  the  donor 
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item  support  and  faced  the  other  acceptor.  This  acceptor  did 
not  have  a shield  mounted  on  its  support.  This  arrangement  simu- 
lated a facility  configuration  where  a shield  would  be  mounted  on 
the  rear  of  each  conveyor  carrier. 

An  integral  schematic  layout  for  the  test  arrangement  used 
in  all  three  series  is  presented  in  Figure  3. 

All  projectiles  and  funnels  tested  were  loaded  at  LAAP 
(lot  number  L0P-E-101)  specifically  for  this  program.  The  pro- 
jectiles, without  their  supplementary  charges,  and  the  funnels 
were  shipped  separately  to  the  test  site.  Just  prior  to  testing, 
the  funnels  were  inserted  into  the  projectiles.  No  attempt  was 
made  to  match  projectiles  with  their  original  loading  funnels. 

Test  Arrangements 

Each  test  of  the  first  and  second  test  series  consisted 
of  three  test  specimens  arranged  in  a straight  line.  The  center 
specimen  served  as  the  donor  while  the  two  end  specimens  were 
the  acceptor  items.  This  arrangement  produced  two  acceptor  test 
results  for  each  test  performed.  The  separation  distance  between 
each  acceptor  and  the  donor  item  varied  in  given  tests,  as  well 
as  from  test  to  test. 

Figure  1 illustrates  a typical  setup  for  any  one  of  the 
tests  of  the  first  series. 

Method  of  Initiation 

There  was  some  doubt  as  to  whether  propagation  of  an  explo- 
sion would  occur  to  all  projectiles  when  only  one  in  a set  of 
twenty-four  on  the  donor  pallet  was  initiated  by  a charge.  The 
test  results  conclusively  indicated  that  the  initiation  of  a 
single  projectile  detonated  all  projectiles  on  a donor  pallet. 

The  donor  projectile  (initiated  projectile)  was  primed  with 
approximately  0.23  kg  (8  oz.)  of  Composi tion-C4  which  was  placed 
into  the  supplementary  charge  cavity.  The  primer  was  initiated 
by  an  M6  blasting  cap  which  in  turn  was  initiated  by  an  electri- 
cal charge  from  a standard  blasting  machine.  The  blasting 
machine  was  located  approximately  1.2km  (3/4  mi.)  from  the  test 
specimens . 

When  funnels  were  used  in  a test,  the  donor  specimen  was 


5 


primed  by  removing  the  funnel  from  one  projectile  and  inserting 
the  Composition-^  primer  in  the  cavity  in  a manner  similar  to 
the  tests  without  funnels.  The  location  of  the  donor  projectile, 
both  in  tests  with  funnels  and  without  funnels,  varied  from  test 
to  test. 
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TEST  RESULTS 


General 


As  previously  mentioned,  the  simulated  tests  have  been 
grouped  into  three  series  based  on  the  manufacturing  processes, 
i .e.,  projectiles  with  funnels,  projectiles  without  funnels  and 
shielded  projectiles.  The  latter  series  of  tests  was  not  in  the 
original  test  plan  for  this  program.  However,  past  separation 
tests  of  individual  rounds  of  1 55nm  projectiles  had  indicated 
that  the  use  of  shielding  would  reduce  minimum  separation.  Con- 
sequently, the  testing  was  extended  to  determine  shielding  effects. 

The  results  of  the  individual  tests  have  been  summarized  in 
Table  1.  Separation  distances  and  test  arrangements  used,  as  well 
as  damage  incurred  by  acceptor  specimens,  are  presented.  In  addi- 
tion, a summary  of  the  number  of  high-order  detonations  corres- 
ponding to  various  separation  distances  of  the  three  test  series 
are  listed  in  Table  2. 

Results  of  Individual  Test  Series 


Test  Series  1 - No  Funnel  or  Shields 


The  separation  distances  used  in  the  exploratory  testing  of 
this  series  ranged  from  7.6  metres  (25  feet)  to  33.5  metres 
(110  feet).  A detonation  occurred  at  separation  distances  of  7.6, 
15.2,  and  22.9  metres.  The  detonations  in  the  15.2-  and  the 
22.9-metre  separation  tests  were  attributed  to  the  previously 
mentioned  fires  produced  in  the  wood  supports  used  in  these  tests. 
Test  specimens  utilizing  cinder  block  supports,  which  were  tested 
at  these  two  latter  separations,  did  not  propagate  an  explosion, 
although  severe  denting  of  acceptor  projectiles  did  occur. 

Confirmatory  testing  was  first  performed  at  a separation  dis- 
tance of  27.4  metres  (90  feet).  After  the  performance  of  ten 
tests  (20  acceptor  specimens),  a high-order  detonation  (Fig  4)  of 
one  of  the  two  acceptor  specimens  in  the  eleventh  test  occurred. 
Therefore,  it  was  concluded  that  this  separation  was  not  adequate 
and  that  additional  confirmatory  testing  was  required. 

A second  set  of  tests  was  performed  using  a separation  dis- 
tance of  33.5  metres  (110  feet).  None  of  the  twenty-four  speci- 
mens (12  tests)  in  the  exploratory  and  confirmatory  tests  at  this 
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distance  propagated,  although  some  of  the  acceptor  projectiles 
were  displaced  from  their  support. 

Typical  results  of  confirmatory  tests,  performed  at  a separ- 
ation distance  of  33.5  metres,  are  illustrated  in  Figure  5. 

Test  Series  2 - Funnels  without  Shields 


The  second  series  of  tests,  where  funnels  were  utilized,  con- 
sidered separation  distances  which  ranged  from  15.2  metres  (50 
feet)  to  42.7  metres  (140  feet). 

Each  of  the  acceptors  tested  at  separations  of  15.2  and 
22.9  metres  detonated.  On  the  other  hand,  none  of  the  twelve 
acceptors  tested  at  30.5,  33.1,  and  38.1  metres  underwent  a prop- 
agation of  an  explosion.  However,  the  number  of  tests  performed 
at  these  three  larger  distances  was  not  sufficient  to  establish  a 
safe  separation.  Furthermore,  it  was  realized  that  a separation 
of  at  least  27.4  metres  was  needed  to  preclude  propagation  of  ex- 
plosion for  projectiles  without  funnels  and,  therefore,  a separa- 
tion distance  somewhat  larger  than  this  would  be  required  for 
funnel ed  projectiles.  Based  upon  this  reasoning  it  was  decided 
to  select  an  even  larger  distance  for  performing  the  confirmatory 
phase  of  this  test  series. 

A total  of  20  tests  were  performed  using  a selected  separa- 
tion distance  of  42.7  metres.  Of  the  40  acceptors  involved,  one 
high-order  detonation  occurred,  one  low-order  detonation  took 
place  and,  in  one  test,  the  explosive  in  four  acceptor  funnels 
burned.  In  the  case  of  the  latter,  the  burning  explosive  melted 
portions  of  funnels  (Fig  6)  before  being  self-extinguished  with- 
out detonating.  As  seen  from  Table  1,  in  many  of  the  tests  where 
propagation  did  not  occur,  the  funnels  of  the  acceptor  specimens 
were  penetrated  by  fragments  (Fig  7)  from  the  casing  of  the  donor 
projectiles.  In  most  tests  one  or  more  acceptor  projectiles  (with 
funnels)  were  dislodged  from  the  support  (Fig  8). 

Test  Series  3 - Funnels  and  Shields 


A total  of  28  acceptor  specimens  were  tested  in  this  series. 
Separation  distances  varied  from  7.6  metres  to  33.5  metres.  One 
high-order  detonation  occurred  at  the  largest  separation  at  which 
twelve  specimens  were  tested.  Because  of  the  relatively  large 
separation  distance  at  which  propagation  did  occur,  it  was  decided 
that  this  part  of  the  program  would  be  discontinued. 
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Figure  9 illustrates  the  typical  results  of  the  shield  tests 
where  a propagation  of  an  explosion  did  not  occur.  It  may  be  noted 
that  the  surface  of  the  protective  shield  at  the  acceptor  was  per- 
forated by  the  impact  of  the  donor  fragments.  When  a shield  was 
located  at  the  donor  specimen,  the  blast  pressures  produced  by  the 
detonation  completely  distorted  the  shield  and,  in  many  cases, 
translated  the  shield  debris  a considerable  distance  from  the  test 
area.  There  was  also  a possibility  that  the  protective  shield 
fragments  contributed  to  propagation.  It  is  theorized  that  the  one 
propagation  which  occurred  in  this  series  was  produced  by  a sideward 
displacement  of  the  shield  by  the  blast.  This,  in  turn,  produced  a 
direct  line-of-sight  (unobstructed  path)  for  the  flight  of  the 
donor  fragments  to  the  acceptor. 

A more  advantageous  method  of  shielding  would  be  to  position 
a shield  at  each  end  of  the  carrier  and  thereby  assure  that  the 
shield  Is  always  located  at  the  acceptor  item. 

Summary  of  Test  Results 

High-order  detonations  of  acceptor  specimens  were  observed 
for  all  configurations  tested.  The  presence  of  funnels  signifi- 
cantly Increased  the  propagation  potential  and  thus  resulted  in 
increased  minimum  spacing  requirements.  The  presence  of  shields 
at  the  33.5-metre  separation  distances  did  not  preclude  a propa- 
gation of  an  explosion  and,  therefore,  the  method  of  shielding 
used  would  require  a modification  to  become  effective. 

The  results  of  the  program  demonstrated  conclusively  that 
the  detonation  of  one  projectile  on  a carrier  will  propagate  to 
all  other  projectiles  on  the  carrier. 

Confirmatory  test  results  showed  that  no  detonations  occurred 
when  projectiles  were  without  funnels  and  a minimum  separation  of 
33.5  metres  was  maintained.  In  the  test  series  where  funnels  were 
used,  one  high-order  detonation  of  the  forty  acceptor  specimens 
tested  at  the  42.7-metre  separation  occurred.  As  shown  later, 
the  occurrence  of  this  detonation  reduces  the  reliability  of 
minimum  spacing  for  projectiles  with  funnels  as  compared  to  that 
for  projectiles  without  funnels. 

Analysis  of  Confirmatory  Test  Results 

Variations  in  manufacturing  tolerances,  materials,  wear,  etc., 
require  that  statistical  reasoning  be  enlisted  in  the  interpreta- 
tion of  the  test  data.  Such  reasoning  allows  that  the  actual 
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probability  of  the  propagation  of  an  explosive  incident  is  a func- 
tion of  the  number  of  propagation  occurrences  in  the  test  series 
and  the  number  of  tests  conducted.  The  results  shown  in  Table  2 
indicate  that  high-order  detonations  occurred  in  all  sequences  of 
tests.  Confirmatory  sample  sizes,  for  Series  1 and  2 (with  and 
without  loading  funnels  respectively,  but  no  shields)  were  con- 
sidered adequate  for  acceptable  statistical  conclusions.  The 
damage  inflicted  to  the  acceptors  in  Series  3 precluded  the  test- 
ing of  a sufficient  sample  size  for  acceptable  results. 

In  statistical  terms,  the  probability  of  propagation  at  any 
given  level  of  confidence  is  a function  of  the  measured  probabil- 
ity and  the  sample  size.  The  level  of  confidence  referred  to  is 
a reflection  of  the  fact  that  all  possible  projectiles  cannot  be 
tested.  As  the  theoretical  sample  size  decreases  from  infinity, 
there  is  a decreasing  confidence  that  the  sample  represents  the 
total  population,  i.e.,  all  projectiles.  In  practice,  a sample 
size  is  selected  to  yield  an  acceptable  confidence  level.  For  a 
given  measured  probability  of  an  event,  there  are  fixed  maximum 
and  minimum  probabilities  associated  with  the  specific  confidence 
level.  These  values  are  referred  to  as  confidence  limits.  These 
confidence  limits  depend  on  the  specific  probability  distribution 
governing  the  event. 

It  may  be  stated  that  only  two  conditions  of  the  acceptor 
projectiles  after  a test  are  possible.  These  are  detonated  or 
undetonated  and  correspond  to  the  occurrence  of  propagation  or 
non-propagation,  respectively.  Since  the  presence  or  absence  of 
propagation  for  one  acceptor  is  independent  of  that  for  another, 
the  binomial  probability  distribution  applies.  Figures  10  and 
11  show  the  relationship  between  sample  size,  confidence  level 
and  the  maximum  probability  of  detonation  when  there  is  no 
detonation  and  one  detonation,  respectively. 

In  Test  Series  1 (no  funnels),  there  was  a total  of  46  ob- 
servations which  are  usable  and  include  separation  distances  of 
33.5  metres  (24  acceptor  pallets)  and  27.4  metres  (22  acceptor 
pallets).  Since  the  probability  of  detonation  for  each  acceptor 
may  be  considered  independent  of  the  other,  the  sample  size  for 
this  test  series  is  46.  Referring  to  Figure  11,  the  upper  limit 
on  the  probability  of  propagation  is  11.0  percent  at  the  95  per- 
cent confidence  level.  This  is  equivalent  to  stating  that  in  a 
large  number  of  tests,  95  out  of  100  times,  the  probability  of 
propagation  of  an  explosive  event  will  be  less  than  or  equal  to 
11.0  percent.  Similarly,  a 99  percent  confidence  level  corres- 
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ponds  to  an  upper  probability  limit  of  15.0  percent.  These  values 
indicate  the  quality  of  the  tests  and  the  reliance  that  can  be 
placed  on  the  conclusions  drawn  from  the  testing. 

Had  the  results  in  Test  Series  1 included  the  data  for  the 
33.5-metre  separation  distance  only  with  no  detonations  occurring, 
a sample  size  of  24  would  yield  a different  upper  limit  on  the 
probability  of  propagation.  Figure  10  indicates  an  upper  limit 
of  14  percent  at  the  95  percent  confidence  level  and  20  percent 
at  the  99  percent  confidence  level.  A sample  size  of  46,  with 
the  occurrence  of  one  detonation,  as  previously  described,  yields 
significantly  lower  probabilities. 

Forty  tests  were  conducted  in  the  confirmatory  phase  for  the 
42.7-metre  separation  and  unshielded  projectiles  with  funnels 
(Test  Series  2).  One  high-order  detonation  occurred  indicating 
that  the  upper  limit  on  the  probability  of  propagation  at  the 
95  percent  confidence  level  is  12.5  percent  (Fig  11).  At  the 
99  percent  confidence  level,  the  upper  limit  on  the  probability 
of  propagation  is  17.0  percent. 

A similar  analysis  indicates  that  the  lower  limit  of 
propagation  probability  for  Test  Series  1 and  2 is  less  than  one 
percent  for  the  99  percent  confidence  level. 
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CONCLUSIONS 


A sufficient  sample  size  of  155irm  (M107)  projectile  tests 
was  obtained  in  order  to  determine  the  minimum  safe  spacing  with 
and  without  funnels.  The  minimum  safe  spacing  without  funnels 
was  established  at  33.5  metres  (110  feet)  as  a result  cf  an 
upper  limit  of  15.0  percent  probability  of  propagation  at  the 
99  percent  confidence  level  for  46  test  specimens.  The  minimum 
safe  spacing  with  funnels  was  found  to  be  42.7  metres  (140  feet). 
This  conclusion  was  based  on  an  upper  limit  of  17.0  percent 
probability  of  propagation  at  the  99  percent  confidence  level 
for  40  test  specimens.  The  use  of  a structural  steel  shielding 
was  ineffective.  Finally,  the  initiation  of  a single  projectile, 
regardless  of  its  location  within  the  grouping  of  24,  resulted 
in  a high-order  detonation  of  all  projectiles  in  that  group. 


Table  1 

Summary  of  test  results 
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Table  1 (Continued) 
Sunmary  of  test  results 


Table  1 (Continued) 
Summary  of  test  results 


Table  1 (Continued) 
Summary  of  test  results 


Table  1 (Continued) 

S urinary  of  test  results 


F-3  dents 
No  action 


Table  2 


Summary  of  high-order  detonations 


Separation 
metres  (feet) 

Number  of 
acceptors 

i Test  arrangement 

High-order 

detonations 

Funnels 

Shields 

7.6 

(25) 

1 

No 

No 

1 

15.2 

(50) 

3 

No 

No 

1* 

22.9 

(75) 

6 

No 

No 

0 

27.4 

(90) 

22 

No 

No 

1 

33.5 

(110) 

24 

No 

| 

No 

0 

15.2 

(50) 

1 

Yes 

No 

1 

22.9 

(75) 

1 

Yes 

No 

1 

30.5 

(100) 

2 

Yes 

No 

0 

33.5 

(HO) 

8 

Yes 

No 

0 

38.1 

(125) 

2 

Yes 

No 

0 

42.7 

(140) 

40 

Yes 

No 

1 

7.6 

(25) 

1 

Yes 

Yes 

0 

15.2 

(50) 

2 

Yes 

Yes 

0 

22.9 

(75) 

1 

Yes 

Yes 

0 

24.4 

(80) 

2 

Yes 

Yes 

0 

27.4 

(90) 

8 

Yes 

Yes 

0 

30.5 

(100) 

2 

Yes 

Yes 

0 

33.5 

(no) 

12 

Yes 

Yes 

1 

1——  - ■ ■ - 

*This  high-order  detonation  occurred  17  minutes  post-test 
due  to  wooden  support  fire. 
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Fig  9 Typical  test  results--Test  No.  63 


PROGAtILITY  OF  PROPAGATION 


Fig  10  Maximum  probability  of  propagation  vs.  number  of 
specimens  at  a given  confidence  level  for  no 
observations  of  propagation 
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